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(54) ELECTROCHEMICAL DEVICE AND DRIVING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an electrochemical device and its 
driving method with improved proton conductivity. 
SOLUTION: By supplying moisture to a fuilerene derivative with proton 
dissociation groups such as -OH group or -OSOSHor a proton conductive body 1 
with carbon cluster derivative as a main component and by making above proton 
conductive body operate in humid statea higher output is obtained because of 
the improvement of the proton conductivity as compared with a non-humid state. 



CLAIMS 



[Ciaim(s)J 

[Claim 1]An electrochemical device comprising: 
The 1st pole thai supplies hydrogen containing gas. 
The 2nd pole that supplies oxygen containing gas. 
A moisture supply means which sends moisture to said proton conductor 
including a cluster derivative which introduces a basis of proton dissociation 
nature into a carbon atom of a cluster in which it consists of a proton conductor 
pinched among these two polesand this proton conductor uses carbon as the 
main ingredients, 

[Claim 2|The electrochemical device according to claim 1 which has mixing parts 
which mix moisture to said hydrogen containing gas at least among said 
hydrogen containing gas and said oxygen containing gas, 
[Claim 3]The electrochemical device according to claim 2 whose steam partial 
pressures in said gas humidified by said mixing parts are 1 or more kPa and 200 
kPa or less, 

[Claim 4|The electrochemical device according to claim 3 in which said steam 
partial pressures are 10 or more kPa and 100 kPa or less. 
[Claim SJThe electrochemical device according to claim 1 considered as 
composition which supplies moisture water content matter gas to said very 1st 
side via a humidifying section, 

[Claim SjThe electrochemical device according to claim 1 considered as 
composition which supplies moisture content oxygen gas to said very 2nd side 
via a humidifying section. 

[Claim 7]The electrochemical device according to claim 1 considered as 
composition which supplies moisture to said proton conductor via said 
humidifying section. 

[Claim 8|The electrochemical device according to claim 1 with which water 

produced on said 2nd pole is used as said moisture, 

[Claim 9]An eiectrochemica! device given in any 1 paragraph of claims 5-7 



considered as composition which supplies water produced on said 2nd pole to 
said humidifying section. 

[Claim 103The electrochemicai device according to claim 1 which a polymer 
material contains in said proton conductor. 

[Claim HJSatd polymer material PolyethylenepolypropylenepoiycarbonateThe 
electrochemical device according to claim 10 which consists of any one sort 
chosen from polyfluoroethylenepolyvinylidene fluoridepoly vinyl 
chloridepoly ethylene oxideand polyphenylene oxideor two sorts or more. 
[Claim 12]The electrochemical device according to claim 10 which said polymer 
material contains 20 or less % of the weight in said proton conductor. 
[Claim 133The electrochemical device according to claim 10 which is that said 
polymer material indicates proton dissociation nature to be according to a 
moisture state. 

[Claim 14|The electrochemical device according to claim 13 in which said 
polymer material is perfiuoro sulfonic acid system resin. 
[Claim 15]The electrochemicai device according to claim 14 which said polymer 
material is perfiuoro sulfonic acid system resinand this contains one to 50% of 
the weight in said proton conductor. 

[Claim 163The electrochemical device according to claim 1 whose basis of said 
proton dissociation nature is -XH (arbitrary atoms in which X has a divalent joint 
hand or an atom groupand H are hydrogen atoms,}. 

[Claim 17|The electrochemical device according to claim 1 whose basis of said 
proton dissociation nature is a basis chosen from -GPG[ SO3H and -j (OH) -OH- 
OSOsH-COOHor 2 . 

[Claim ISJThe electrochemical device according to claim 1 with which said 
cluster derivative consists of the spherical carbon cluster molecule Cm (m« 
366070767880 and 8284 grades). 

[Claim 19|The electrochemical device according to claim 1 with which the length 
of a major axis of said cluster derivative is 100 nm or lessand said two or more 
bases are introduced into this cluster. 



[Claim 20JThe electrochemical device according to claim 1 with which said 
cluster derivative consists of basket-like structure or structure which has an open 
end in part at least. 

[Claim 21]The electrochemical device according to claim 1 with which said 
cluster derivative uses a carbon cluster as the main ingredients, 
[Claim 22]The electrochemical device according to claim 1 with which said 
cluster derivative contains a tube shape carbonaceous derivative which 
Introduces a basis of proton dissociation nature into tube shape carbonaceous as 
the main ingredients. 

[Claim 23|The electrochemical device according to claim 22 in which said tube 
shape carbonaceous is a single wall carbon nanotube. 
[Claim 24|The electrochemical device according to claim 22 in which said tube 
shape carbonaceous is a multiwall carbon nanotube. 

[Claim 253The electrochemical device according to claim 22 in which said tube 
shape carbonaceous is a carbon nano fiber. 

[Claim 26]The electrochemical device according to claim 22 with which said 

proton conductor consists of a mixture of said tube shape carbonaceous 

derivative and a fullerene derivative which introduces a basts of proton 

dissociation nature into a carbon atom of fullerene. 

[Claim 27]The electrochemical device according to claim 1 either [ at least / 

whose | said 1st pole or the 2nd pole is a gas electrode, 

[Claim 28|The electrochemical device according to claim 27 constituted as a fuel 

cell. 

[Claim 29] A drive method of an electrochemical device characterized by 

comprising the following which supplies moisture to said proton conductor when 

driving an electrochemical device. 

The 1st pole that supplies hydrogen containing gas. 

The 2nd pole that supplies oxygen containing gas. 

A cluster derivative in which it consists of a proton conductor pinched among 
these two polesand this proton conductor introduces a basis of proton 



dissociation nature into a carbon atom of a duster which uses carbon as the 
main ingredients. 

[Claim 30]A drive method of the electrochemical device according to claim 29 
which mixes moisture to said hydrogen containing gas at least among said 
hydrogen containing gas and said oxygen containing gas. 
[Claim 31 ]A drive method of the electrochemical device according to claim 30 
which sets a steam partial pressure in said humidified gas to 1 or more kPa and 
200 kPa or less. 

[Claim 32|A drive method of the electrochemical device according to claim 31 
which sets said steam partial pressure to 10 or more kPa and 100 kPa or less. 
[Claim 33|A drive method of the electrochemical device according to claim 29 
which supplies moisture water content matter content gas to said very 1st side 
via a humidifying section. 

[Claim 34]A drive method of the electrochemical device according to claim 29 
which supplies moisture content oxygen containing gas to said very 2nd side via 
a humidifying section. 

[Claim 35JA drive method of the electrochemical device according to claim 29 
which supplies moisture to said proton conductor via said humidifying section 
and which was considered as composition. 

[Claim 363A drive method of the electrochemical device according to claim 29 
using water produced on said 2nd pole as said moisture. 
[Claim 37] A drive method of an electrochemical device given in any 1 paragraph 
of claims 33-35 which supplies water produced on said 2nd pole to said 
humidifying section. 

[Claim 38 jA drive method of the electrochemical device according to claim 29 
which a polymer materia! contains in said proton conductor. 
[Claim 393Sasd polymer material PolyethylenepolypropylenepolycarbonateA drive 
method of the electrochemical device according to claim 38 which consists of any 
one sort chosen from polyfluoroethylenepolyvinylidene fluoridepolyvinyl 



chi oridepoiy ethylene oxideand polyphenylene oxideor two sorts or more. 
[Claim 40]A drive method of the electrochemical device according to claim 38 
which said polymer material contains 20 or less % of the weight in said proton 
conductor. 

[Claim 41 JA drive method of the electrochemical device according to claim 38 
which is that said polymer materia! indicates proton dissociation nature to be 
according to a moisture state. 

[Claim 42|A drive method of the electrochemical device according to claim 41 in 

which said polymer material is perfiuoro sulfonic acid system resin, 

[Claim 43]A drive method of the electrochemical device according to claim 42 

which said polymer material is perfiuoro sulfonic acid system resinand this 

contains one to 50% of the weight in said proton conductor. 

[Claim 44|A drive method of the electrochemical device according to claim 29 

whose basis of said proton dissociation nature is -XH (arbitrary atoms in which X 

has a divalent joint hand or an atom groupand H are hydrogen atoms. ). 

[Claim 45]A drive method of the electrochemical device according to claim 29 

whose basis of said proton dissociation nature is a basis chosen from - 

OPO[ SOsH and -J (OH) -OH-OSOgH-COOHor 2 . 

[Claim 46JA drive method of the electrochemical device according to claim 29 
with which said cluster derivative consists of the spherical carbon cluster 
molecule Cm (m= 366070767880 and 8284 grades), 

[Claim 47JA drive method of the electrochemical device according to claim 29 
with which the length of a major axis of said cluster derivative is 100 nm or 
Sessand said two or more bases are introduced into this cluster, 
[Claim 48JA drive method of the electrochemical device according to claim 29 
with which said cluster derivative consists of basket-like structure or structure 
which has an open end in part at least. 

[Claim 49jA drive method of the proton conductor according to claim 29 with 
which said cluster derivative uses a carbon cluster as the main ingredients, 
[Claim 50JA drive method of the electrochemical device according to claim 29 



with which said cluster derivative contains a tube shape carbonaceous derivative 
which introduces a basis of proton dissociation nature into tube shape 
carbonaceous as the main ingredients. 

[Claim 51 JA drive method of the electrochemical device according to claim 50 in 

which said tube shape carbonaceous is a single wall carbon nanotube, 

[Claim 52]A drive method of the electrochemical device according to claim 50 in 

which said tube shape carbonaceous is a multiwall carbon nanotube. 

[Claim 53|A drive method of the electrochemical device according to claim 50 in 

which said tube shape carbonaceous is a carbon nano fiber, 

[Claim 54|A drive method of the electrochemical device according to claim 50 

with which said proton conductor consists of a mixture of said tube shape 

carbonaceous derivative and a fullerene derivative which introduces a basis of 

proton dissociation nature into a carbon atom of fullerene. 

[Claim 55|A drive method of the electrochemical device according to claim 29 

either [ at least / whose ] said 1st pole or the 2nd pole is a gas electrode. 

[Claim 56JA drive method of the electrochemical device according to claim 55 

constituted as a fuel cell. 



DETAILED DESCRIPTION 

[Detailed Description of the invention] 
[0001 3 

[Field of the InventionJThis invention relates to an electrochemical device and a 

drive method for the same. 

[0002] 

[Description of the Prior ArtJThe thing using a polymer material of proton 
(hydrogen ion) conductivity like perfluoro sulfonic acid type resin (Nation made 
from DuPont (R)etc.) is known as a fuel cell of the polymers solid oxide type for a 
recent-yearsf or exam ptecard ri ve . 



[0003] Poly molybdenum acids and an oxide with many water of hydrationsuch as 
H3M012PO40 and 29H 20SbaOs5.4H20afB also known as a comparatively new 
proton conductor. 

[0004}When these polymer materials and hydrate compounds are placed by the 
damp or wet conditionthey show high proton conductivity near ordinary 
temperature. 

[00053Namelythe proton ionized from the sulfonic group when perfluoro sulfonic 
acid type resin was taken for the exampleThe water which was combined with 
the moisture incorporated in large quantities into the polymers matrix (hydrogen 
bond)and was protonatedThat issince an oxonium ion (H3O+) can be 
generatedthe gestalt of this oxonium ion can be taken and a proton can move 
smoothly in the inside of a polymers mairixthis kind of matrix material can 
demonstrate the proton conduction effect that it is quite high also under ordinary 
temperature. 

[GOGSjHoweveras for various kinds of proton conductors mentioned abovethe 
following problems were pointed out. 

[0007] In matrix materialssuch as said perfluoro sulfonic acid type resin in order to 
maintain the conductivity of a proton highlyit is required during use to be placed 
by continuously sufficient damp or wet condition. 

[00083Thereforea humidifying device and various kinds of accompanying devices 
are requiredthe scale of a device is not enlarged in the composition of 
systemssuch as a fuel cellor the cost hike of a system construction Is not avoided. 
[00093Operating temperature also has the problem that a temperature 
requirement is not wide in order to prevent freezing and boil of moisture which 
are included in a matrix. 
[0010] 

[Processes leading to inventtonjin prior (Japanese Patent Application No. No. 
204038 [ 11 to ]the application for patent No. 58116 [ 2000 to jeic.) on the other 
hand this invention personThe material which contains the cluster derivative 
which introduced into the carbon cluster of fullerene or others the basis (basis 



which can dissociate a proton) of proton dissociation nature as the main 
ingredientsSince there was the feature that the proton conductivity in the inside 
of the difficult drying atmosphere is shown until nowit reported that many merits 
were obtained as applying this to a fuel cell etc, The merit that it can be usedfor 
example fay dryness bringing about a miniaturization and simplification of a fuel 
cell improvement in an energy conversion efficiency etc. as a merit In this Is 
already ending with a report. 
[001 1] 

[Problem(s) to be Solved by the InventionJThe point that thinner thin-film-izing is 
possible as the 2nd feature of this kind of material as compared with polymeric 
materiaissuch as the conventional Nafionis mentioned. It is also because a film 
can be produced using the film production technique of the variety which was not 
considered with polymeric materiaissuch as the method of producing a clusterfor 
examplepressingand filtrationslnce a carbon cluster had the structure of the 
shape of a from the first very small moleculeor the shape of a particle. 
Thereforealthough it becomes possible to lower the resistance as proton 
conducting membrane and utilization becomes possibleAlthough what is called 
resistivity peculiar to the material standardized by thickness etc. or the 
conductivity which is the reciprocal is the middle of being based also on 
measuring conditionssuch as temperatureand also performing improvement of 
materialit is not necessarily good compared with itsuch as Nation which fully 
absorbed moisture the place which It is till the present. Thereforeabout uses of 
which high power is required moresuch as application as an engine of a carthe 
improvement in the further conductivity was a technical problem. 
[0O123Made in order that this invention might improve the above-mentioned 
situationthe purpose is to provide electrochemical devicessuch as a fuel cell 
which raised the rate of proton conduction furtherand a drive method for the 
same. 
[0013] 

[Means for Solving the ProblemjNamelya thing concerning an electrochemical 



device this invention is characterized by that comprises the following. 
The 1st pole that supplies hydrogen containing gas. 
The 2nd pole that supplies oxygen containing gas. 
A moisture supply means which sends moisture to said proton conductor 
including a cluster derivative which introduces a basis of proton dissociation 
nature info a carbon atom of a cluster in which It consists of a proton conductor 
pinched among these two polesand this proton conductor uses carbon as the 
main ingredients. 

Herethe above-mentioned "basis of proton dissociation nature" means a 
functional group which can dissociate a proton (H + ) by ionization (foiiowingthe 
same). 

[0014|The 1st pole to which this invention supplies hydrogen containing gas and 
the 2nd pole that supplies oxygen containing gasConslst of a proton conductor 
pinched among these two polesand this proton conductor^ is involved in a drive 
method of an electrochemical device which supplies moisture to said proton 
conductor when driving an electrochemical device containing a cluster derivative 
which introduces a basis of proton dissociation nature into a carbon atom of a 
cluster which uses carbon as the main ingredients. 
[001 5| A proton conductor with which this invention person uses said cluster 
derivative as the main ingredientslf moisture is supplied to said proton 
conductorthis proton conductor is made into a damp or wet conditionas a result 
of adding examination wholeheartedlyin order to heighten an output of an 
electrical device which consists of two poles which pinch thisespecially a fuel 
celland a cell is operatedSince proton conductivity improved compared with a 
case where said proton conductor is made into a non-damp or wet 
conditionunexpected knowledge that a higher output was obtained was able to 
be acquired and an invention was able to be completed based on this. 
[00163A!though the way of being used depending on which said cluster derivative 
employs only a merit of use under a drying atmosphere efficiently has been 
made until nowihis does not limit the directions for this kind of material to a drying 



atmosphere. That isafthough this material did not necessarily need humidification 
until now on the occasion of proton conduction it was checked as a result of this 
invention person's examination that there is no problem that this material 
receives a damage even if moisture exists etc. It is thought that high conductivity 
revealed this cause since proton conduction of a type through a water molecule 
equivalent to Nation probably happened in coexistence in addition to proton 
conductivity which this kind of material has intrinsically and "which does not need 
water." Or this water molecule is considered to serve to raise proton conduction 
original with this material rather than contributes to proton conduction equivalent 
to a Nation system. 
[0017] 

[Embodiment of the Invention] When obtaining the remarkable operation effect of 
such this inventionit is desirable to have mixing parts which mix moisture to said 
hydrogen containing gas at least among said hydrogen containing gas and said 
oxygen containing gas. Becausethe improvement in the proton conductivity by 
mixing of said moistureSince it means moving effectively the proton which 
hydrogen in said hydrogen containing gas dissociated and produced in said 1st 
pole side to a proton conductor and also said very 2nd sideit Is because it is 
effective in said hydrogen containing gas to said 1st pole to mix moisture at least. 
[00183Howeveralthough said 2nd pole side dries too mucha reaction falls on the 
contrary and generation efficiency deteriorates easily by discharging the water 
produced at the reaction of a proton and oxygen ion very in said 2nd side at high 
speedThis can be preventedwhen mixing moisture to said oxygen containing gas 
supplied to said 2nd pole and making it said 2nd pole side not dry too much. 
[001 9| Mixing of such moisture can be performed before the gas introduction to a 
devicebut it is desirable for the steam partial pressures in said gas humidified by 
these moisture mixing parts to be 1 or more kPa and 200 kPa or less (10 more or 
more kPalOO kPa or less). 

[00203That isif there are 1 or more kPa of steam partial pressures in gasthe 
distinct improvement in conductivity will be founds or more kPa will improve 



furtherand it will be 10 or more kPa more preferablyand also they will be 50 or 
more kPa more preferably. Since membranous stability may be spoiled about the 
maximum of humidification if a steam partial pressure rises even to 2QGkPa on 
high voltage conditionsbelng referred to as 200 or less kPa is 100 or less kPa 
which does not become high voltage conditions often and more preferably, 
[0021 ] Moisture water content matter gas and/or moisture content oxygen gas can 
also be supplied to said very 1st side via a humidifying sectionor direct supply of 
the moisture can also be carried out to said proton conductor via said humidifying 
section, 

[00223That for which the water produced on said 2nd pole is used as said 
moisture (recycled) is efficientand it is good to supply this water to said 
humidifying section, 

[0023]And if the polymer material contains in said proton conductor (it contains 
especially 20 or less % of the weight)thin film-ization of a proton conductor is 
attained and the penetration of the undesirable gas from the 1st pole to the 2nd 
pole can also be prevented, 

[00243That issince a polymer materia! (polymer) works effective in a film holding 
the form stably even If it is under a humid gas atmosphereit is preferred. 
Howeverit is not the limitationif it is a case where it is the material which can 
secure membranous stability even if it is a case where polymer etc. are not 
included. Since a polymeric material is used with the material of acid dissociation 
nature In that case in addition to membrane formation naturehigh acid resistance 
is required. 

[0025]Such a polymer material may consist of any one sort chosen from 
polyethylenepolypropylenepolycarbonatepoSyfluoroethySenepoiyvinylidene 
fluoridepolyvinyl chloridepolyethyiene oxideand polyphenylene oxideor two sorts 
or more. 

[0026] And when that said polymer material indicates proton dissociation nature 
to be according to a moisture state improves proton conductivity it is desirabiefor 
exampleit is good that it is perfiuoro sulfonic acid system resin. This perfluoro 



sulfonic acid system resin is good in said proton conductor to contain one to 50% 
of the weight. 

[0027] it is thought that such polymer has contributed to improvement in the 
whole conductivity in order that not only a role of a base material which 
constitutes a film stably but itself may work as a proton conductor. As such type 
polymerresin of a perfiuoro sulfonic acid system represented by trade 
name: Nation (Nation) of Do Pontetc.for example can be used. 
[Q028jThe basis of said proton dissociation nature contained in said cluster 
derivative can express with -XH (the arbitrary atoms in which X has a divalent 
joint hand or an atom groupand H are hydrogen atoms.). 
[0029]As for the basis of such proton dissociation naturett is good that it is a 
basis chosen from -OPO[ SOsH and -] (OH) -OH-OSOsH-COOHor 2 . 
[0030}it is good for said cluster derivative to use a carbon cluster as the main 
ingredientslt consists of the spherical carbon cluster molecule Cm (m= 
366070767880 and 8284 grades)the length of the major axis of said cluster 
derivative is 100 nm or iessand it is good to introduce said two or more bases 
into this cluster. 

[0031}Such a cluster derivative may consist of basket-like structure or structure 
which has an open end in part at least. 

[0032]Said cluster derivative may contain the tube shape carbonaceous 
derivative which introduces the basts of proton dissociation nature into the 
carbonaceous which has tube shape shape as the main ingredients. As for this 
tube shape carbonaceous derivativealso in drynessa proton dissociates 
easilyandmoreoverthis proton can demonstrate high conductivity over a large 
temperature region (at least about 120 ** ~ 40 **) including ordinary temperature. 
It is exactly because the tube shape carbonaceous for which it should also be 
called 1st base material of the reason whether the characteristic which was 
excellent in such a material in this way can be demonstrated can introduce many 
bases of proton dissociation naturefor examplebasessuch as a hydroxy! group 
and OSOaHinto the surface. 



[OOSSjThe tube shape carbonaceous said here specifically points out a carbon 
nano fiber (CNF) etc. to carbon nanotubes (CNT)such as a single wail carbon 
nanotube (SWCNT) and a muitiwali carbon nanotube (MWCNT)and it. 
[0034]Either [ at least ] said 1st pole or the 2nd pole is a gas electrodeand It is 
good to be constituted as a fuel cell. 

[00353Hereafteran embodiment of the invention is described still in detail about a 
drawing. 

[Q03S]The proton conductor used for this invention contains the cluster derivative 
which introduces the basis of proton dissociation nature Into the carbon atom of 
the cluster which uses carbon as the main ingredients as the main ingredients. 
The basis of proton dissociation nature" means here the basis on which a proton 
can dissociate by ionization. 

[QOSTjAccording to this invention person's examinationin order to give good 
proton conductivity to carbonaceousit is necessary to form a lot of possible 
proton conduction path (a move site or a channel) in carbonaceous. 
Thereforewhen introducing the basis of two or more proton dissociation nature 
into the outside using the smallest desirable possible carbon clustetit was able to 
find out that proton conductivity good as the whole bulk was demonstrated. 
[00383Said cluster is an aggregate in which hundreds of atoms are usually 
formed by joining together or condensing from someand chemical nature is 
heldfilm strength becomes enoughand it is easy to form a layer at the same time 
proton conduction performance improves with this condensation (set) object. 
"The cluster which uses carbon as the main ingredients" is an aggregate in which 
hundreds of carbon atoms join togetherand are formed from some regardless of 
the kind of combination between carbon-carbon. Howeverit does not necessarily 
comprise only a carbon cluster always i00%and there may also be mixture of 
other atoms. Carbon atoms also including such a case decide to call a carbon 
cluster the aggregate which has a large number. 

[0039] In this inventionthe fullerene molecule as a parent which is the introductory 
target of the basis of proton dissociation nature Especially if it is a spherical 



cluster moieculewill not limitbut usually C&The simple substances of the fullerene 
molecule chosen from Cm (refer to drawing 3 (A))C?o (refer to drawing 3 
(B))C76C?8C8oC82C84etc. or two or more sorts of these mixtures are used 
preferably. 

[0040]These fullerene molecules it was discovered in the mass analysis spectrum 
of the cluster beam by carbonaceous laser ablation in 1985 (R. F.; KrotoH.W.; 
HeathJ.R; O'BrlenS.C; Curl). SmalleyR.E. Nature 1985.318162. It is further 5 
that the manufacturing method is actually established. It is a thing after a yearand 
the manufacturing method by the arc discharge process of a carbon electrode 
was found out in 1990and fullerene has attracted attention as a carbon system 
semiconductor material etc. since then. 

[0041 JThe poly hydroxy tation fullerene produced by introducing a hydroxy! group 
into the composition carbon atom of fullerene as a result of this invention 
person's examining various that proton conductivity about the derivative of this 
fullerene molecuieAithough the temperature requirement (-at least 160 ** - 40 **) 
where dryness also exceeded the wide temperature requirement which faces 
across an ordinary temperature region i.e. the coagulating point of waterand the 
boiling point showed high proton conductivitybased on this inventionit was able to 
find out that proton conductivity improved further under existence of moisture. 
And this proton conductivity was able to carry out the knowledge of becoming 
more remarkabtewhen it changed to a hydroxy! group and a sulfuric acid 
hydrogen ester group was introduced into the composition carbon atom of 
fullerene. 

PQ42| If it furthermore explains in full detailas shown in drawing Jpoly 
hydroxy iation fullerene is a general term for a thing with the structure which 
added two or more hydroxy! groups to fullereneand is called the common name 
TURARE Norian (Fulierenol}." The variation of some [ intramolecular distribution 
/ the number of hydroxy I groups or / its J with a natural thing is also possible. 
FURARE Norian in 1992 by Chiang and others. . The synthetic example was 
reported first, ChiangLY.;SwirczewskiJ.VV. ;HsuC.S. ; ChowdhuryS.K.; 



CameronS.; CreeganK.J. Chem. SocChem.Commun.1992. 1791) . Since thenthe 
feature which is water solubility has attracted attention and especially FURARE 
Norian that introduced the hydroxy! group more than a constant rate has mainly 
been studied by the bio-related technical field. 

[0043]As this invention person does the outline graphic display of such FURARE 
Norian at drawing 2 (A)he considers it as flocWhen it was made for an interaction 
to arise in the hydroxy! groups of the FURARE Norian molecule (O shows a 
fullerene molecule among a figure.) which approached each otherthis loc is the 
proton conduction characteristic (if it puts in another way) that it is high especially 
under existence of moisiureas a macroscopic aggregate. The knowledge of 
demonstrating dissociative [ of H + from the phenolic hydroxy! group of a FURARE 
Norian molecule ] was able to be carried out for the first time. 
[00443Such an effect is demonstrated also by using the Hoc of the fullerene which 
has two or more -OSO3H bases in addition to FURARE Norian as a proton 
conductor. Poly hydroxylation fullerenei.e.sulfuric acid hydrogen esterification 
FURARE Norianas said OH radical shows to drawing 2 (B) which replaced the 
OSO3H basisAfter all by Chiang and others, it is reported in 1994 (Chiang. L Y.; 
WangL.Y.; SwirczewskU.W,; SoledS.; CameronS.J. Org. Chem. 1994593960). 
There are some which contain only an OSO3H basis in one intramolecular in the 
fullerene by which sulfuric acid hydrogen esterification was carried outer plurality 
and giving are also possible respectively in this basis and hydroxy! group, 
[00453When many fullerene derivatives mentioned above are made to 
condensethe proton conductivity which it shows as bulkln order to concern with 
movement directly the proton originating in a lot of hydroxyl groups and QSO3H 
bases which are contained in intramolecular from the firstSupply of the moisture 
from the outsidewhen moisture etc, are especially absorbed from the open airand 
when I when hydrogen and the proton which make a steam molecule etc. the 
origin were incorporated from atmosphereor ]proton conductivity improves further. 
The fullerene used as the base of these derivative molecules has electrophilic 
character especialiyand this is considered to have contributed to promotion of 



ionization of a hydrogen ion greatly also not only in an OSO3H basis with high 
acidity but in a hydroxy! group etc. it is one of the reasons this shows the proton 
conductivity excellent in the proton conductor of this invention. 
[0046}Since quite many hydroxy I groupsan OSO3H basisetc. can be introduced 
into one fuilerene moieculethe number density per unit volume of a conductor of 
the proton which participates in conduction increases dramatically. This is 
another reason the proton conductor of this invention reveals effectual 
conductivity. 

[0047]Since the most comprises a carbon atom of fuilerenethe proton conductor 
used for this invention cannot deteriorate easily by weight being lighteitherand a 
pollutant is not containedeither. The manufacturing cost of fuilerene is also falling 
rapidly, seeing resources-wiseenvironmeniallyand economically - which material 
of others [ fuilerene ] - furthermoreit is thought that it is a carbon system material 
near an ideal. 

[00483According to this invention person's examinationii is not necessary to limit 
the basis of proton dissociation nature to the hydroxy! group and OSO3H basis 
which were mentioned above. 

[00493Name!ythe basis of this proton dissociation nature is expressed with 
form ula-XH and X should Just be the arbitrary atoms or atom group who has a 
divalent joint hand. This basts is expressed with formula~OH or -YOHand Y 
should just be the arbitrary atoms or atom group who has a divalent joint hand, 
iOOSOjSpecificaliy as a basis of said proton dissociation nature-OPO[ SO3H and - 
] (OH) either -COON or 2 is preferred in addition to the aforementioned -OH and - 
OSO3H. 

[GG513Howeveralthough the number of the bases of said proton dissociation 
nature introduced into a fuilerene molecule in this invention may be arbitrary 
within the limits of the carbon number which constitutes a fuilerene molecuieit is 
good to consider it as five or more pieces desirably, in order to leave the pi 
electron nature of fuilerene and to take out effective electronic suction 
naturebefow half of the carbon number which constitutes fuilerene of the number 



of the above-mentioned groups is preferred. 

[0G523What is necessary is just to introduce the basis of desired proton 
dissociation nature into the composition carbon atom of a fullerene molecule by 
giving combining publicly known processing of acid treatmenthydroiysisetc, 
suitably as opposed to the powder of said fullerene molecuiein order to 
compound said fullerene derivative used for this invention, 
[0053] In this inventionpressing or shaping by filtration can be performed to the 
shapefor examplethe pelletand the thin film of a request of the powder of a 
fullerene derivative which were obtained in this way. Under the present 
circumstancesthe binder is unnecessaryand the Plastic solid consists of fullerene 
derivatives substantiallyand also when [ improve the conductivity of a proton and 
also ] this attains the weight saving of a proton conductor!* is effective. 
[0054]The proton conductor of this invention can be used conveniently for 
various kinds of electrochemical devices. That isin the essential structure object 
which consists of the 1st polethe 2nd poleand a proton conductor pinched among 
these two polessatd fullerene derivative is preferably applicable to the proton 
conductor as the main ingredients, 

[00553Speaking concretelyit being possible for either [ at least J the 1st pole or 
the 2nd pole to apply this invention's preferably to the electrochemical device 
which is a gas electrode's. 
[00563A fuel ceil is explained as the example, 

i00573The mechanism of the proton conduction of the fuel cell of this invention 
comes to be shown in the mimetic diagram of drawing 11 the proton conduction 
part 1 - the 1st -- very (for examplehydrogen pole) -- 2 and the 2nd - the proton 
(H + ) which was pinched very much (for exampleoxygen pole) among Sand 
dissociated meets a drawing arrow direction - the 1st -- very - the 2nd from 2 
sides— it moves to 3 sides very much. 

[0058] Prawing 12 s hows an example of the fuel cell elements of this 
inventionand drawing 10 s hows the flow which mixes and supplies moisture to 
gas. This fuel cell has the terminal 8the negative electrode 2 with nine (the fuel 



electrode or the hydrogen poie)and the anode (oxygen pole) 3 which counter ** 
which sticks or distributed the catalysts 2a and Sarespectiveiyand the proton 
conduction part 1 is fastened among these two poles. At the time of use by the 
negative-electrode 2 sidethe hydrogen (namelyj-fe+t-feO) humidified as the fuel 14 
from the feed port 12 is suppltedand it is discharged from the outlet 13 (this may 
not provide,)- A proton is generated while the fuel (hfe) 14 passes through the 
channel 15This proton moves to the anode 3 side with the proton generated in 
the proton conduction part land reacts to the oxygen (or air) 19 which is supplied 
to the channel 17 from the feed port 18 ihereand goes to the exhaust port 18 
(humidified preferably)andthereby desired electromotive force is taken out. 
[0059] In drawing 13in the humidifying device (or mixing parts) 21 water is mixed 
and humidified to the hydrogen gas supplied from the supply source 20 of 
hydrogen gas (or hydrogen containing gas}and this is introduced to the hydrogen 
pole (negative electrode) 2 which is the 1st pole, on the other handthe 2nd - 
mixing and humidifying water in the humidifying device (or mixing parts) 23 also 
in 3 to the oxygen gas supplied from the supply source 22 of oxygen gas (or 
oxygen containing gas) very much (anode) - this - the 2nd ~~ it introduces to 3 
very much. Although it is desirable to supply the water produced on the 2nd pole 
3 via the drain reservoir 24 (recycling) in respect of productive efficiency as for 
the above-mentioned water to mixit is not restricted to this. It may not mix in gas 
as mentioned abovebut as a dashed line showsdirect supply of the water may be 
carried out to the proton conductor 1 . 

[00603Since the proton supplied from the negative-electrode 2 side moves to the 
anode 3 sidea proton dissociating in the proton conduction part 1 the fuel cell of 
this composition has the feature that the conductivity of a proton is high. 
[0061 JSakt fullerene derivative usable to this invention can be used together with 
a polymer material In this caseother composition of a device and a fundamental 
operation of a proton conduction mechanism are the same as what was 
mentioned above. 

[0062]That isgenerally in this inventionthe proton conductor may contain said 



fullerene derivative (what introduced the basis which can dissociate a proton into 
the carbon atom which constitutes fuiierene)and the polymer material. 
[OOSSJOne sort or two sorts or more are used from the polymer which has 
publicly known membrane formation nature as this polymer materialand those 
loadings are usually stopped to 20 or less % of the weight. It is because there is 
a possibility of reducing the conductivity of a proton when 20 % of the weight is 
exceeded. 

[0064]Since the proton conductor of such composition also contains a fullerene 
derivativeit can demonstrate the almost same proton conductivity with having 
described above. 

[0065|And the membrane formation nature which originates in a polymer material 
unlike a fullerene derivative independent case is givenand it can use compared 
with the powder compression-molding article of the fullerene derivative 
mentioned already as a flexible proton conductivity thin film {thickness is usually 
300 micrometers or less) which has gas permeation prevention ability with large 
intensity. 

[00663 if the conductivity of a proton is not checked as much as possible (based 
on a reaction with a fullerene derivativeefc.) but it has membrane formation 
nature as said polymer materialism Station in particular is not carried out. 
However!* does not usually have electron conductivity but what has good stability 
is used. The example is as having mentioned above. 

[OOSypn thispo!yfiuoro(fiuoridation) ethylene Is preferred and this is because a 
bigger thin film than that strong can be easily formed with a little loadings 
compared with other polymer materials. Three or less % of the weSghiihe 
loadings in this case are 0.5 to 1.5 % of the weighiand a smalt quantityand end 
preferablyand thickness of a thin film is usually thinly made with from 100 
micrometers to 1 micrometer. 

[00683Since the thin film of the proton conductivity which has the more 
outstanding gas permeation prevention ability is obtainedpolyvinylidene fluoride 
is also preferred. The loadings in this case are good to consider it as 5 to 15% of 



the weight of the range, 

[0069]When less than the lower limit of each range which the loadings of 
polymersuch as polyffuoroethyiene and polyvinylidene fuoridemeniioned aboveit 
may have an adverse effect on membrane formation. 
[0070]What is necessary is to begin extrusion molding and just to use publicly 
known membrane formation meanssuch as pressingflitrationand spreadingtn 
order to obtain the thin film of such a proton conductor of polymer content. 
[Q071]This proton conductor is also preferably applicable to the same 
electrochemical device with having mentioned already. 

[00723That isexcept for making the proton conductor thin film of polymer content 
pinch between the 1st pole and the 2nd poleother composition may be made 
common in the electrochemical device mentioned above. 
[QOTSjThe proton conduction effect can be demonstrated by the same 
mechanism as the electrochemical device which this electrochemical device also 
mentioned above. And since the proton conductor is using the fullerene 
derivative together with the polymer material with membrane formation naturett 
can be used in the form of the thin film whose gas permeation nature is still 
smaller whose intensity improvedand can demonstrate good proton conductivity. 
[00743Nextthe carbon cluster derivative of proton conductivity usable to this 
invention is explained. 

[00753That isthis proton conductor contains the carbon cluster derivative (what 
introduced the basis of proton dissociation nature into the carbon atom which 
constitutes a carbon cluster) which uses a carbon cluster as a parent as the main 
ingredients. 

[00783 In this caseit is because using a carbon cluster for a parent needs to 
introduce the basis of a lot of proton dissociation nature in order to give good 
proton conductivity and this becomes possible by a carbon cluster. Howeverif it 
does in this waythe acidity of the proton conductor of a solid state will become 
remarkably largebut. Even if acidity is sizecombination between atoms does not 
collapse (namelysince it is hard to change chemically )and the carbon cluster can 



maintain membrane structured order that it may be hard to carry out oxidation 
degradation unlike the outer usual carbonaceousit may excel in endurance and 
between composition atoms may combine each other densely. 
[00773Aiso in the proton conductor of such compositiondryness can also 
demonstrate the proton conductor mentioned above and similar high proton 
conductivity under existence of moisture, 

[0078|A carbon cluster is an aggregate in which hundreds of carbon atoms join 
togetherand are formed from some regardless of the kind of combination 
between carbon-carbon (howeverii is not necessary to comprise carbon 100%), 
When a drawing explains this aggregate (howeverthe basis of proton dissociation 
naturesuch as a hydroxy! groupgraphic display abbreviation^ is as being shown 
in drawing 4 - drawing 7and the width of selection as a raw materia! of a proton 
conductor is wide, 

[0079JFirstwhat is shown in drawing 4 is various carbon clusters which have the 
sphere or spheroid in which many carbon atoms gatheror the closed plane 
structure similar to these (howevermolecule-like fullerene is also shown 
collectively). The carbon cluster in which a part of those ball structures suffered a 
loss is variously shown in drawing 5 to it. In this casemany are seen as a by- 
product by the manufacturing process of the fullerene the point of having an open 
end is characteristic in structureand according [ such a structure } to arc 
discharge. If the carbon atom of most carbon clusters has joined together SP3it 
will become various clusters with the structure of a diamond as shown in drawing 

[0080]The cluster which most carbon atoms have combined SP2 has the planar 
structure of graph iteor has the whole or a part of structures of PURE REN or a 
nanotube. Among thesesince what has the structure of graphite has many which 
have electron conductivity in a ciusterit is not preferred as a parent of a proton 
conductor. 

[OOSIjSince SP2 combination of fullerene or a nanotube includes the element of 
SP3 combination in part to itthere are many without electron conductivity and it is 



desirable as a parent of a proton conductor. 

p082J Drawing 7 shows various cases where clusters join togetherand can also 
apply such a stiucture to this invention. 

[0083] in this inventionit is required for the carbon atom which constitutes said 
carbon cluster to introduce the basis of proton dissociation nature mentioned 
above. As an introduction means of the basis of this proton dissociation 
naturethe following manufacturing method is preferred. 
[Q084jNameiythe carbon cluster which consists of carbon powder by the arc 
discharge of a carbon system electrode first is manufacturedThenthe carbon 
cluster derivative which is an objective product can be easily obtained by carrying 
out acid treatment of this carbon clusterprocessing hydrolysis etc. or performing 
suSfonation or phosphorylation suitably further. 

[0085] Pressing of this carbon cluster derivative can be can-ted out without a 
binder to shapesuch as the shape of a filmand a pelletas it is. In this inventiontwo 
or more have [ the carbon cluster which is a parent / the number of a thing of 1 00 
nm or less and said bases which especially a thing of 100A or less is 
preferredand introduces into it 3 the desirable length of a major axis. 
[0086] Basket-! ike structures (fullerene etc.) or the structure which has an open 
end in part at least is still more preferred as said carbon cluster. The fullerene of 
such defect structure applies the reactivity of fullerene more neatly 
simultaneouslyand a defective partt.e.a releasing parthas still higher reactivity. 
Thereforeby acid treatment etc. acid (proton) dissociative substituent introduction 
is promoteda higher substituent introduction rate is acquiredand high proton 
conductivity is acquired. It becomes possible to compound in large quantities 
compared with fuitereneand can produce very cheaply, 
[0087] In this inventionthe kind of basis introduced into the carbon cluster of a 
parent is common in what was mentioned already. 

[0O883The tube shape carbonaceous mentioned above has dramatically long 
shaft orientations compared with the path of the tubeand the original gestalt or 
structure where tube shape carbonaceous was moreover involved intricately can 



be taken. For this reasona large number can be introduced into that surface so 
that the basis which has proton dissociation abiiitysuGh as a hydroxy! group and 
OSOaHmay be benefited to conduction of a proton {refer to drawing 8 • drawing 
10). That isaceording to this materialthe number of the stable sites of a proton 
can be increased until independent movement of a proton is attained without 
using career molecufessuch as that unique gesialttherefore a water mofecufeas a 
moving medium and it is possible to arrange that stable site continuously over the 
whole material moreover. 

[0O893Thusif may mix with the fullerene derivative which introduces the basis of 
proton dissociation nature into the carbon atom of fullereneand the tube shape 
carbonaceous derivative which introduced the basis of proton dissociation nature 
may be used. 

[OOSOjThis tube shape carbonaceous derivative can be manufactured easily as 
follows. 

[00913That ishaiogenation tube shape carbonaceous or non halogen-tzed tube 
shape carbonaceous is used as a raw materialand this is processed by the 
method chosen from hydrolysishydrolysis and acid treatmentplasma 
treafmenior/and acid treatment. In any caseit is possible to manufacture 
efficiently the tube shape carbonaceous derivative which is an objective product. 
[0092] According to the knowledge by this invention personthe tube shape 
carbonaceous derivative manufactured in this way can be easily made into film 
state by making it distribute in fluidssuch as waterfor exampieand letting this 
pass in a filtration process. 

[0093]This film is a good film of the proton conductivity which is rich in stability 
with big intensity with which the molecules of the tube shape carbonaceous 
derivative became entangled. Although the floe of said tube shape carbonaceous 
derivative is required for an electrical device as a proton conductorSince the 
good thin film of the proton conductivity which is rich in mere stability instead of 
floe for an electrical deviceespecially fuel cells and whose intensity it is precise 
and is big is demandedsaid film is a material especially suitable for such a use. 



[0094]That to which a diameter of several nanometers or less is about called 
typically a 1 to 2-nanometer carbon nanotube (CHI) as this tube shape 
carbonaceousThere are some to which a diameter is called the carbon nano fiber 
(CNF} in which a diameter amounts also to 1 micron in several nanometers or 
more and a huge thing. Two kindsthe single wall carbon nanotube (SWCNT) 
which consists of a tube of a monolayerand the multiwall carbon nanotube 
(MVVCNT) with which two or more layers have lapped in concentric clrdeare 
known by especially CNT. The former molecular model figure is shown in 
drawing 8. All are examples of representation applicable to the tube shape 
carbonaceous told to this inventionand it is not necessary to limit them to them by 
this invention. 

[0095JM is required to introduce the basis of proton dissociation nature into the 
composition carbon atom of such tube shape carbonaceous furtherand to 
consider it as a tube shape carbonaceous derivative. Drawing 8 and drawing 9 
show the tube shape carbonaceous derivative which introduces a hydroxy! 
groupand drawing 1Q shows the tube shape carbonaceous derivative which 
introduces an OSOgH basis. 

[0096}in order to manufacture this tube shape carbonaceous derivativeor 
[ processing this with acid treatmentfor exam plesu If uric aeidnitric acidetc. by 
using as a raw material halogenation tube shape carbonaceous (what is 
produced by carrying out halogenation treatment of the tube shape 
carbonaceous) ] (in the case of introduction of an OSO3H basis) — or good [ to 
hydrolyze ] (in the case of introduction of an OH radical). After this hydrolysisacid 
treatment may be performed and a basis may be replaced. When using for a raw 
material the tube shape carbonaceous which is not halogenated as it isit is good 
to process this using acid treatmentfor exam plesu If uric aeidnitric acidetc. (in the 
case of introduction of an OSO3H basis). Although it is not necessary to limit the 
kind of said halogenthe fluoride of them is preferred from a practical viewpoint. 
[00973Although the above is a manufacturing method of the tube shape 
carbonaceous derivative based on a wet chemicals methodthe technique which 



should be called dry process using plasma is also effective. This can carry out 
piasma treatment of the haiogenation tube shape carbonaceous for exampiein 
oxygen gasandsubsequently can carry out plasma treatment in hydrogen gasand 
this technique can also introduce the basis of proton dissociation nature into tube 
shape carbonaceous effectively (in the case of introduction of an OH radical). 
[0098] 

[Example] Hereafterbased on an examplethis invention is explained concretely. 
[0099]<composition of the poly hydroxylation fullerene of Example 1> - this 
compositionLiterature 

{ChiangL.Y/;WangL.Y.;Swirczev^kiJ.W.;SoledS.;CameronS.J.Or^ 
93960} was referred toand was performed. The powder 2g of the Cso/Cto 
fullerene mixture which contains C70 about 15% was invested into 30 ml of 
fuming sulfuric acidand it stirred for three dayskeeping at 60 ** in a nitrogen 
atmosphere. It was under decompression at 40 "and it was made to dryafter 
dropping the obtained reactant little by little in anhydrous diethylether cooled 
within the ice bathclassifying the sediment by centrifugal separation and 2:1 
mixed liquor of 3 times and dieihylefherand acetonitrile washing twice by 
diethylether further. This dry matter was put in 60 ml of ton exchange waterand it 
stirred for 10 hoursperforming bubbling by nitrogen at 85 **. After the resultant 
separated the sedimentwashed this sediment several times with pure water 
further and repeated centrifugal separation by centrifugal separationreduced 
pressure drying of it was carried out at 40 **. Thuswhen FT-IR measurement of 
the obtained brown powder was performedalmost in accordance with the IR 
spectrum of C 6 o{OH) 12 shown in the above-mentioned literaturethis powder was 
checked with the poly hydroxylation fullerene which is quality of an object. The 
above-mentioned reaction can be expressed as foilowsfor example about Ceo- 
[Formula 1] 

[01003<Manufacture of a poly hydroxylation fullerene condensation pellet>next 



90 mg of powder of this poiy hydroxyiation fuiierene were takenand on the other 
handthe press to the direction was performed so that it might become a circular 
peiiet type 15 mm in diameter. The press pressure at this time was about 5-t 
[/cm ] 2 , As a resultalthough the powder of this poly hydroxyiation fuiierene does 
not contain any binder resinit is excellent in the moldabtlity. 
it was able to palletize easily . 

Thickness is about 300 microns and the pellet makes this the pellet of Example 1 . 
[0101]<compos!t!on of poly hydroxyiation fuiierene sulfuric acid hydrogen ester 
(all the esterification) of Example 2> - similariythis also referred to the 
aforementioned literature and performed it. The powder 1g of poly hydroxyiation 
fuiierene was dropped in 60 ml of fuming sulfuric acidand it stirred for three days 
under a nitrogen atmosphere at the room temperature. The obtained reactant is 
dropped little by little in anhydrous diethylether cooled within the ice bathand the 
sediment is classified by centrifugal separationand after 2:1 mixed liquor of 3 
times and diethyletherand acetonttrile washed twice by diethylether furtherit was 
made to dry under decompression at 40 **. Thuswhen FT~!R measurement of the 
obtained powder was performedaimost in accordance with the IR spectrum of 
that by which sulfuric acid hydrogen esterification of all the hydroxy I groups was 
carried out shown in said literaturethis powder has checked with poly 
hydroxyiation fuiierene sulfuric acid hydrogen ester which is quality of an object. 
[01O23The above-mentioned reaction can be expressed as followsfor example 
about C6o{OH) y {followingthe same). 
[Formula 2] 

[01033<Manufacture which is a poly hydroxyiation fuiierene sulfuric acid hydrogen 
ester condensation pe!let> 70 mg of powder of this poiy hydroxyiation fuiierene 
sulfuric acid hydrogen ester was takenand on the other handthe press to the 
direction was performed so that it might become a circular pellet type 15 mm in 
diameter. The press pressure at this time was about 5-t [/cm j 2 . As a 



resultaithough this powder did not contain any binder resin it is excellent in the 
moldability and was able to be peilefeed easily. Thickness is about 300 microns 
and this pellet makes this the pellet of Example 2. 
[0104]The powder 2g of the C80/C70 fullerene mixture which contains 
composition of poly hydroxyiation fullerene sulfuric acid hydrogen ester (partial 
esterification) of Example 3> C70 about 15% was invested into 30 ml of fuming 
sulfuric acidand it stirred for three dayskeeping at 60 ** in the atmosphere of 
nitrogen. The obtained reactant was dropped little by little in diethylether cooled 
within the ice bath. Howeverdiethyiether in this case used what is not performing 
dehydrating treatment. The obtained sediment is classified by centrifugal 
separationand after 2:1 mixed liquor of 3 times and diethyletherand acetonitrile 
washed twice by diethylether furtherft was made to dry under decompression at 
40 **. about [ thus/ the IR spectrum of the fullerene derivative which contains a 
hydroxy! group and an OSO3H basis selectively shown in said literature when FT- 
IR measurement of the obtained powder is performedand J - I did one and it has 
checked that this powder was quality of an object. This reaction can be 
expressed as followsfor example about Ceo (followingthe same), 
[Formula 3] 

[01 05] manufacture of the poly hydroxyiation fullerene sulfuric acid hydrogen 
ester condensation pellet of Example 3> - 80 mg of powder of this poly 
hydroxyiation fullerene in which sulfuric acid hydrogen esterification of the part 
was carried out was takenand on the other handthe press to the direction was 
performed so that it might become a circular pellet type 15 mm in diameter. The 
press pressure at this time was about 5-t [/cm ] 2 . As a resultaithough this powder 
did not contain any binder resinit is excellent in the moldability and was able to 
be pelletized easily. Thickness is about 300 microns and this pellet makes this 
the pellet of Example 3. 

[01063For <manufacture of fullerene condensation pellet of Example 4> 



comparison^ mg of powder of fuiierene used for synthetic powder in said 
example was takenand on the other handthe press to the direction was 
performed so that it might become a circular peiiet type 16 mm in diameter. The 
press pressure at this time was about 5-t [/cm ] 2 . As a resultalthough this powder 
did not contain any binder resinit is comparatively excellent in the moldabiilty and 
was able to be pelletized comparatively easily . Thickness is about 300 microns 
and this pellet makes this the pellet of Example 4. 

[01 07] In order to measure the conductivity of the pellet of the examples 1-4 of 
measurement » of the rate of proton conduction of the peiiet of the examples 1- 
4 of «Firstthe both sides of each pellet were inserted with the aluminum plate 
with an equal to a pellet diameter of 15 mmthe volts alternating current 
(amplitude 0,1V) from 7 MHz to 0.01 Hz was impressed to thisand the complex 
impedance in each frequency was measured. Measurement was performed 
under a drying atmosphere. 

[G1G83E!ectricallythe proton conduction part 1 of the proton conductor which 
consists of a pellet of the above-mentioned examples 1-3 constitutes the 
equivalent circuit as shown in drawing 14 (A) about impedance measurement, 
it forms in the capacity 6 and 6 between the 1st poie 2 and the 2nd pole 3 also 
including the proton conduction part 1 expressed with the parallel circuit of the 
resistance 4 and the capacity Srespectively, 

The capacity 5 expresses a lagged effect (phase lag at the time of being high 
frequency) in case a proton movesand the resistance 4 expresses the parameter 
of the ease of moving of a proton. 

[0109]Heremeasured impedance Z investigated the frequency dependence of the 
proton conduction part which is expressed with Z~Re(Z)-M~lm (Z)and is shown in 
the above-mentioned equivalent circuit. 

pi lOjprawing 14 (B) is an equivalent circuit at the time of using the usual 
fuiierene molecule without proton dissociation nature (the above-mentioned 
example 4). 

1a in a figure is a fuiierene part. 



[OlltJThe impedance measurement result about the pellet in Example 1 and 
Example 4 is shown in drawing 1§ . 

[01 12] According to thisin Example 4the frequency characteristic B of complex 
impedance is the same as thai of a capacitor independent action aboutand no 
conduction action of charged particles (an eiectronionetc) was observed about 
the floe of the fullerene itself. In the case of Example 1 compared with itA is flat 
into a high-frequency portionbut a very beautiful single semicircular state circle 
can be seen. This shows that the conduction action of a certain charged particle 
exists in the inside of a pellet. A rapid rise of the imaginary part of impedance is 
observed in a low frequency region. This shows that blocking of a charged 
particle has arisen between aluminum electrodes as it approaches direct current 
voltage gradually, 

Naturailysince the charged particle by the side of an aluminum electrode is an 
eiectronit turns out that the charged particles inside a pellet are an electronand 
the not a hole but other charged particieLe.ion. 

From the composition of used FURARE Norianthls charged particle is not 
considered other than a proton. 

[01 133From the X-axis section of a circle seen at the high-frequency sideit can 
ask for the conductivity of this charged particleand is about calculated with 5x10 - 
6 S/cm in the pellet of Example 1 . When measurement with the same said of the 
pellet of Example 2 and Example 3 was perform edabout the case of Example 
land the whole shapeit became the frequency characteristic of the same 
impedance. Howeverthe conductivity called for from X section of a circle portion 
became a value which differsrespectively as shown in Table 1 , 
[0114] 

[Table 1] Table 1 Conductivity of proton conductor pellet based on this invention 

(25 **) 



[01 1 5]Thusif a hydroxyl group replaces an OS0 3 H basisthe conductivity in a 
pellet shows the tendency which becomes large. The OSO3H basis depends this 
on ionization of hydrogen taking place easily rather than a hydroxyl group. And 
when both sides were intermingled in both [ of a hydroxyl group and an OSO3H 
basis ] casesthe floe of this kind of fuilerene derivative was able to find out thai 
proton conduction was possible at the room temperature. 
[01 16]Nextusing the pellet of Example fthe above-mentioned complex 
impedance measurement was performed in the temperature requirement from 
160 ** to -40 **and the temperature dependence of the conductivity for which it 
asked from the circle by the side of the high frequency at that time was 
investigated. Drawi ng 18 showed the result as an Arrhenius type plot. Thusit 
turns out thai conductivity is changing from 160 ** linearly in -40 **. That isihis 
figure shows that a single ion transport mechanism can advance in the above- 
mentioned temperature requirement. That isthe proton conductor based on this 
invention can be conducted also in a wide temperature requirement including a 
room temperaturethe elevated temperature especially of 160 **or the low 
temperature of -40 **. 

[01 17370 mg of powder of the poly hydroxylation fuilerene obtained by the 
synthetic method of which the <manufacture of poly hydroxylation fuilerene pellet 
of Example 5> above-mentioned was done could be taken 10 mg of powder of 
this and polyvinylidene fluoride could be mixedO.5 ml of dimeihylformamide could 
be addedand it stirred. This mixture was slushed into a circular mold 15 mm in 
diameterand the solvent was evaporated under decompression. Thenit pressed 
and the pellet of 15 mm of direct systems was obtained. This pellet was about 
300 microns in thickness. Let this be a pellet of Example 5. 
[01 183<composition of poly hydroxylation fuilerene sulfuric acid hydrogen ester 
(ail the esterification) of Example 6> - similarSythis also referred to literature 
mentioned already and performed it. The powder 1g of poly hydroxylation 
fuilerene was dropped in 60 ml of fuming sulfuric acidand it stirred for three days 
under a nitrogen atmosphere at the room temperature. The obtained reactant is 



dropped little by little in anhydrous diethylether cooled within the ice bathand the 
sediment is classified by centrifugal separationand after 2:1 mixed liquor of 3 
times and diethyletherand acetonitriie washed twice by diethylether furtherit was 
made to dry under decompression at 40 **, Thuswhen FTIR measurement of the 
obtained powder was performedalmosi in accordance with the IR spectrum of 
that by which sulfuric acid hydrogen esterification of all the hydroxy! groups was 
carried out shown in said literatureit has checked that this powder was quality of 
an object. 

[01 193<manufacture of the poly hydroxy lation fuiierene sulfuric acid hydrogen 
ester pellet of Example 6> - 70 mg of powder of this poly hydroxylation fuiierene 
sulfuric acid hydrogen ester could be taken 10 mg of powder of this and 
polyvlnySidene fluoride could be mixedO.5 ml of dimethylformamide could be 
addedand it stirred. This mixture was slushed into a circular mold 15 mm in 
diameterand the solvent was evaporated under decompression. Thenit pressed 
and a pellet 15 mm in diameter was obtained. This pellet was about 300 microns 
in thickness. Let this be a pellet of Example 6. 

[012Q3<manufacture of the poly hydroxylation fuiierene sulfuric acid hydrogen 
ester pellet of Example 7> - the part could take 70 mg of powder of this poly 
hydroxylation fuiierene by which sulfuric acid hydrogen esterification was carried 
outcould mix 10 mg of powder of this and polyvinyl idene fluoridecouid add 0.5 ml 
of dimethyiformamideand stirred. This mixture was slushed into a circular mold 
15 mm in diameterand the solvent was evaporated under decompression. Thenit 
pressed and a pellet 15 mm in diameter was obtained. This pellet was about 300 
microns in thickness. Let this be a pellet of Example 7. 
[Ol2l3For <manufacture of fuiierene pellet of Example 8> comparisonSO mg of 
powder of fuiierene used as synthetic powder in said example 1 could be 
takenIO mg of powder of this and polyvinylidene fluoride could be mixedO.5 ml of 
dimethylformamide could be addedand it stirred. This mixture was slushed into a 
circular mold 15 mm in diameterand the solvent was evaporated under 
decompression. Thenit pressed and a pellet 15 mm in diameter was obtained. 



This pellet was about 300 microns in thickness. Let this be a pellet of Example 8. 
[01223When similarly carried out with having mentioned above measurement of 
the conductivity of the pellet of the exam pies 5-8 of measurement » of the rate 
of proton conduction of the pellet of the examples 5-8 of «the impedance 
measurement result shown in drawing 17 was obtained. 
[01 23] According to thisin Example 8the frequency characteristic D of complex 
impedance is the same as that of a capacitor independent action aboutand no 
conduction action of charged particles (an electronionetc.) was observed about 
the floe of the fulJerene itself. In the case of Example 5eom pared with itC is flat 
into a high-frequency portionbut a very beautiful single semicircular state circle 
can be seen. This shows that the conduction action of a certain charged particle 
exists in the inside of a pellet. A rapid rise of the imaginary part of impedance is 
observed in a tow frequency region. This shows that blocking of a charged 
particle has arisen between aluminum electrodes as it approaches direct current 
voltage gradually. 

Naturallysince the charged particle by the side of an aluminum electrode is an 
electronit turns out that the charged particles inside a pellet are an electronand 
the not a hole but other charged particlet.e Jon. 

From the composition of used FURARE Norianthis charged particle is not 
considered other than a proton. 

[01 24] From the X-axis section of a circle seen at the high-frequency sideit can 
ask for the conductivity of this charged particleand Is about calculated with 1x10 - 
6 S/cm in the pellet of Example 5. When measurement with the same said of the 
pellet of Example 6 and Example 7 was perform edabout the case of Example 
Sand the whole shapeit became the frequency characteristic of the same 
impedance. Howeverthe conductivity called for from X section of a circle portion 
became a value which differsrespectively as shown in Table 2. 
[0125] 

[Table 2] Table 2 Conductivity of proton conductor pellet based on this invention 

(25 **) 



* Examples 9-11 are examples using poiytetrafluoroethylene (1 % of the weight) 
as polymer in Examples 5-7respectively. 

[01263Thusif it is not based on a binder kind but a hydroxy! group replaces an 
OSO3H basisthe conductivity in a pellet shows the tendency which becomes 
large. The OSO3H basis depends this on ionization of hydrogen taking place 
easily rather than a hydroxy! group. And also in the case where both sides are 
intermingled in both [ of a hydroxy! group and an OSO3H basis 3 casesthe Plastic 
solid of this kind of fuiferene derivative was able to find out that proton conduction 
was possible at the room temperature in a drying atmosphere. 
[0127JNextusing the pellet 4A of Example Sine above-mentioned complex 
impedance measurement was performed in the temperature requirement from 
160 ** to -40 **and the temperature dependence of the conductivity for which it 
asked from the circle by the side of the high frequency at that time was 
Investigated. Or awjng 18 showed the result as an Arrhenius type plot. According 
to thfsit turns out that it is changing from 1 60 ** linearly in -40 **. That isit turns 
out that a single ion transport mechanism can advance in this temperature 
requirement. That isthe 2nd proton conductor of this invention can be conducted 
also in a wide temperature requirement including a room temperature the 
elevated temperature especially of 160 **or the low temperature of -40 **. 
i0128JThe carbon rod was used for -^manufacture of carbon cluster derivative of 
Example 12> two polesarc discharge was performed in the current value of 200 
A in O.OSypa argonand the carbon powder 1g was obtained. This was mixed 
with 100 ml of fuming sulfuric acid 60%and it held for three days at 60 ** in the 
nitrogen air current. The water bath was used for heating. The reaction solution 
was dropped every in small quantities into 500 ml of pure water after the 
reaciionand solid content was separated from this solution with the centrifuge 
method. This solid content was washed several times by anhydrous 
diethyletheraod was dried at 40 ** during decompression for 5 hours. After 



melting powder in a 10-mi tetrahydrofuran after the end of dry and removing an 
insoluble element by filtrationthe solvent was evaporated in decompression and 
solid content was obtained again. 50 mg of this solid content was takenand a 
circular pellet 15 mm in diameter was created by the pressure of about 54 [/cm ] 2 . 
Let this pellet be a pellet of Example 12, 

[01 29] measurement [ of the rate of proton conduction of the pellet of the « 
example 12 ] » - as a result of performing measurement of the alternating 
current impedance of this pellet in dry air like the abovein a frequency domain of 
7 MHz or lessthe impedance action resulting from ion conduction was checked. 
From the diameter of that circiethe conductivity of the pellet of this example 12 
was calculated with 3.0x10 - 4 S/cm. 

[0130|The carbon rod was used for manufacture of carbon cluster derivative of 
Example 13> two polesarc discharge was performed in the current value of 200 
A in O.OSMPa argonand the carbon powder 1g was obtained. After dissolving this 
powder in toluene and removing an insoluble element by ffitrationthe solvent was 
evaporated in decompression and powder was obtained again. This powder was 
mixed with 100 ml of fuming sulfuric acid 60%and it held for three days at 60 ** in 
the nitrogen air current. The water bath was used for heating. The reaction 
solution was dropped every in small quantities into 500 ml of pure water after the 
reactionand solid content was separated from this solution with the centrifuge 
method. This solid content was washed several times by anhydrous 
diethyletherand was dried at 40 ** during decompression for 5 hours. 50 mg of 
obtained solid content was takenand a circular pellet 15 mm in diameter was 
created by the pressure of about 5-t [/cm ] 2 . Let this pellet be a pellet of Example 
13. 

[01313measurement [ of the rate of proton conduction of the pellet of the example 
13 of « 3 » as a result of performing measurement of the alternating current 
impedance of this pellet in dry air like the abovein a frequency domain of 7 MHz 
or lessthe impedance action resulting from ion conduction was checked, From 
the diameter of that circiethe conductivity of the pellet of this Example 8 was 



calculated with 3.4x10 ^S/cm. 

[0132JThe main ingredients of the above-mentioned carbon powder obtained by 
arc discharge process are a carbon cluster molecule which does not have a 
closed structure like basket-like structurebut has an open end in part at least. 
Howeversince the work as an ion conductor is checked about a thing with the 
good electron conductivity near the graphite structure included a littlelt has 
checked that removed immediately after arc discharge in Example 
13respect!velyand a pellet did not have electron conductivity by an alternating- 
current-impedance method after acid treatment in Example 12, The TOF-MS 
spectrum of the carbon powder obtained by arc discharge is shown in draping 1§ 
Thusmost is a with an atomic mass number of 5500 or less thingand this is 
equivalent to 500 or less carbon number. Since this carbon-carbon bonding 
distance does not exceed the maximum or 2 Athe carbon cluster contained here 
does not exceed 100 nm at the maximum. 

[01333Nextthe example which produced the fuel cell using the above-mentioned 
poly hydroxy lation fullerene is described. 

[01343One ^.example mixed the poly hydroxylation fullerene (FURARE Norian) 
powder Q,3g of 1 in the tetrahydrofuran Igand it supplied for 10 minutes in the 
supersonic vibration machineand was made to dissolve thoroughly. Nextan 
electrode with Pt catalyst is produced and the mask made from a plastic which 
has a rectangular hole further is carried on the above-mentioned electrode which 
turned the catalyst side upand the above-mentioned FURARE Norian solution 
produced previously is hung downand it extends uniformly in the hole of a mask. 
Thenthe mask was removed after making it dry at a room temperature. Catalyst 
surfaces were turned downthe electrode with Pt catalyst same moreover was 
piled upit pressed by the pressure of about 5 1 per square centimeterand the 
element was completed. It incorporated in the **** fuel ceil cell which showed this 
f° drawing} 12ft opened wide to the atmosphere which had one side already 
humidified by the hydrogen gas which had one side humidifiedand the power 
generation examination was done. 



[0135]After producing the tetrahydrofuran soiuiion of FURARE Norian like 
example 2 Example Ithe powder 0.03g of poiyvinyiidene fluoride was dissolved 
in thisthis solution was applied on the electrode like Example land fuel cell 
elements were produced, 

[01 36] As polymer mixed example 3 Du Pont Nafion which is resin of a perfluoro 
sulfonic acid system instead of poiyvinyiidene fluoride is usedThe fuel cell 
elements of Example 3 were produced like Example 2 except having mixed the 
mixed solution (5-% of the weight concentration) of this alcoholic + wateras the 
mixing percentage of Nafion became 5% of the weight of the whole. 
[0137|« power generation examination »thus the produced fuel cell elements 
of Examples 1-3 were incorporated into the fuel cell generation system which can 
humidify gasand the power generation examination of the element was done. 
The humidification conditions in this case humidified the hydrogen pole side 
100% at 30 ** (steam partial pressure 4.2kPa). It tried to generate electricity 
without gas humidification of the same element as the comparative examples 1-3 
respectively corresponding to Examples 1-3. 

[0l38]Although a power generation test result is shown in drawing 20it turns out 
that the generation output of Examples 1-3 which use humidification gas is 
improving compared with the comparative examples 1-3 which neither humidifies. 
This is considered to be because for proton conductivity to improve under 
existence of moisture. Example 3 using Nafion shows the comparatively good 
result. 
[0139] 

[Function and Effect of the Inventionlln this inventionmoisture is supplied to the 
proton conductor containing the carbon cluster derivative in which the basis of 
proton dissociation nature was introducedand this proton conductor is made into 
a damp or wet conditionand is operated so that clearly from the above 
explanation. 

Thereforesince proton conductivity improves compared with the case where a 
proton conductor is made into a non-damp or wet conditiona higher output is 



obtained. 



[014O3Since the carbon cluster derivative which the proton conductor in this 
invention used the carbon cluster as the parerttand introduced the dissociative 
basis into this for the proton is contained as the main ingredientsSince it 
becomes the thing outstanding in pointssuch as simplification of proton 
conductivityoperating temperatureand a systema miniaturizationand economical 
efficiency and many carbon atoms join together and are contained in the carbon 
cfusterihere is an advantage that become the structure which cannot carry out 
oxidation degradation easilyand the range of choice of the raw material becomes 
large. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

fOrawing 1 Jit is structural drawing of the poly hydroxylation fullerene which is an 

example of the fullerene derivative used for this invention, 

[Qf§MM.3. !t " s a mimetic diagram showing the example of a **** fullerene 

derivative. 

[Drawing 3J!f is structural drawing of only a **** fullerene molecule. 
[Drawing 4Jit is a mimetic diagram showing various examples of the carbon 
cluster which serves as a parent in the proton conductor of this invention. 
[Drawing Silt is a mimetic diagram showing other examples (partial fullerene 
structure) of a **** carbon cluster. 

[Drawing 6]it is a mimetic diagram showing other examples (diamond structure) 
of a **** carbon cluster. 

[Drawing 7 }1t is a mimetic diagram showing the example of further others of a **** 
carbon cluster (what clusters have combined). 

[D rawing 8j lt is structural drawing of a **** tube shape carbonaceous derivative. 



[Drawing 9]lt is a mimetic diagram of a **** derivative. 

[Drawing 10]**** - it is a mimetic diagram of another tube shape carbonaceous 
derivative. 

IPi^OS.ilP * s a mimetic diagram showing an example of the proton conductor 
of this invention, 

[Drawing 12] tt is an outline lineblock diagram of the fuel ceil elements by the 1 
embodiment of this invention. 

I^l^nS...!?!^ is a schematic diagram including the flow which humidifies the gas 
to **** fuel cell elements, 

[Drawing 14fl t is a figure comparing and showing the electric equivalent circuit of 
the pellet used for Example 1 . 

[Drawing 15jft is a figure comparing and showing the measurement result of the 
complex impedance of a **** pellet. 

[Drawing 16] it is a figure showing the temperature dependence of the rate of 
proton conduction of a **** pellet 

[Drawing 17Jlt is a figure comparing and showing the measurement result of the 
complex impedance of the pellet used for Example 5. 
[Drawing 18]lt is a figure showing the temperature dependence of the rate of 
proton conduction of a **** pellet. 

[Drawing 19jlt is the TOF-MS spectrum figure in the end of carbon powder 
manufactured by the arc discharge process of the carbon electrode in Example 
13. 

LQ t I§M0S„i.9, !t " s a 9 ra Ph which compares and shows the power generation test 
result of the fuel cell elements by Examples 1-3 of this invention. 
[Description of Notations] 

1 - a proton conduction part and 2 -- the 1 -- very (hydrogen pole; negative 
electrode) - 2a - a catalyst and 3 the 2 very (oxygen pole: anode) - 3a — a 
catalyst and 14 ~ the humidified hydrogen and 19 - the humidified oxygen (air) 
and 20 - a hydrogen gas feed zoneand 21 and 23 - a humidifying device and 22 



-an oxygen gas feed zone and 24 - a drain reservoir 
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»**JWWfc^5X^-*^T, *DJMRE2tt±<D 
7P h>WWtfl)**«ATntf* MiV7£#£ LTH 

[0 0 3 8] MB*5X*--fcU:. «««»6SS 

roiifffltofii^siwt t r*gi«#ftTv« 

« mmsw &sm ? - m &z 1 1 1 
£0 0 3 9] *miz&^r, yahymmmmmm 

ZMStttZZmtt LT©7^~U mzo^ 

60 (»3 (A) « , C 7 0 (S3 (8) #88) ♦ 
C?6v C78n Cgo, C»2n C84&£fr£M£ft37^- 
U>5H^m *» t < . C ft StO 2 

[0 0 40] CftS©7^-~b7^ : ?&. 1 9 8 5 3UC 

g?St©U~+fT7 U~> a y\z £ § 7 5x * ~tf~Zx<9 
Sl^«f7.^ MWfcfllWFftfc (Kroto, B.8.; Hea 
thJ.R. ; O'Brien, S.C.; Cur i, ft F. ; Smailey, ft 



E. Nature 1985.318,162.}, nmz*®mmWM& 

mtizvimizs smvzt^ 1 9 9 0*tC«« 

<DT~vimmc£%%mm % &&-$t\, ^mm, 7 

^7 - U > Si tUT&g**xT# ft, 

[004 1] © 7 ^ - u yft^wmmz 

of, f-07n hVi^HS*ffl*«SHLfe^ 7^- 
b C7XM€» A L TW 6 ft § # U ?K 

i'pts < t<h 1 60X~- 4 O'C) 7'^^ 7 a h 

UTx C<D7"o h>fi«i*MS«ATSI»*«x 
ic , £Vmiz%&zt tmHTStz. 

[0 0 4 2] $e>tmm-&t, m^mty^-^y 
a, mnzmtm, y^-uvizmmnmmzim 

LftSif^rf oft^0©»T'®y, im r 75b7~ 
}\s (Ful lerenoi) j iWftTV^ W£0m%&%, 

m^mt^m^wmiz Eizim^tw i y x~ 

->3>%5JI|-C%§. 7^U7-/Wi1 992^CChia 
ngSlC^oTMtCtrJtfjtflg^^ftft (Chiatuj. L 
Y. ;Swirczewski, J.W. .'Hsu, C.S. ; Chowdhacy, S. K. ; Ca 
itieroji, S. ; Creegan, K. , J. ChetR. Soc, Chem. Coatstun. 

1992,1791) , -~%&&Lk<ommmKi>it-7 
5i>/~im. mz*.m&T*&z>wm%.mzns mz 

10 0 4 3] *mm& *^ tfc75 U7-J^S2 
(A) tc|iMftt^j;dic»«fti:t, «»L#ofc 
7^U7— ibft^ ; M ! P- CM 7 -S— U yft^tem 

t, } vmmm:izimm&&v&£5iz ttttz. 
&Txnwo \>>mm& mwrna, 75u/~ 

.^».T<?) 7 x 7 -/ H4*«^ 6 © H + fl>«ffi ^« 
«f S C i: ^46TmT*C t T# ft, 
[0 0 4 4] C©J:aSMi. 7^U/-iWX^fCft 

t a fcf - o s 03H m&b 07 9— 

* 7n hvfe^f*i: LTffl^SC tSti-sTfeHll'Sft 
*<, 1313 0 H S fit 0 S O 3 H S i o ft H 2 

(b) \zmt^on.mimity^~~uy, turn* 

m?K% xx 7 ;-/<t7 5 b7 ~it4i, U Ch i atig 6 iz j: 
oT1 9 9 44ptC*t&#ftTV$ (Chiang. L Y, ; Wan 
g, l,Y. ; Svirczewski, J.l. ; Soled, S. .* Cameron, 
S. , J. Org. dim 1994,59,3960) „ 

i b* ft ft 7 5 - u 7 tcyu — pfl)^ f*s ;te o s o 3 h « 

n^tmm, i>tci£$zt ■hm.x&z. 
[004 si ±&Ltc75~t/ywmfa*&mm$ j tt 

Km. itttfJWttLXmtyai-y&mffit^ Wf 
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37 n h >&imiiwmt>%tctb* mure*** 

UO S O3H &C03fQ 6 3* v #fi6aSJ£{c£^ T % aJcjR-f 

[0046] $e>it. —o(o 7 9 - u y$*ipic pis. v 

wm tz v (om®m.&wmc * < § * ctx&, *§*j§® 
7P h >mf*mibmmmmt?* ! b a-o© 

[0 0 473 *fMlteJl^*^ah>€aw*f*s *<0» 
79~Uy©^«^Wf«?nT^Sfci6, m 

l\. 7 -5 - U >£D»I 3 X h itStfcteT too® 
[0 0 4 8] Mtc*li«*0^!4tc^ntf, yahym 

mmma, mm Lttmmvo s oiHmm*.tt> 

[0 0 4 9] m*>, C07Ph>ft?»tt©»ii3~XH 

T«s&fc**i> x {* 2 woj£&$«$ rmmm^ib t 

&-Y0H T*«fc £*U Y 2 

[0 0 5 0] 85127a h >»«©«£ t 

T»s Mia-OH. -0S03H^tt-C00H, - 
SO3H, ~OPO (OH) 2©^** tUMftf* U\ 

[00513 fit, 75~U>^?tC«A 
?*«S837P h 7 •7—1/ 

t&tT *&SH^I8»f'3?«**W: l>#, H$ t < & 5 

5£U WttftS^ltt^ttTn^iCtt* ±iB»©« 

[o 0 5 2] *^(c^^5Mia7 ^~ i/vwmw** 
mtzmt, «K7 7- u u fctx 

SIT C £fc<fc tA 7 5 - U >5HW)«d^^ltJ9f^ 
[0 0 5 3] *SP§T*[*> C '3 tTH6tlfc7^-~U> 



[0 0 5 4] ##gfBa>?o HVfiSWW*, ««©f;«fc 
mzmt, cti6©fs«t£«if^-fifc7P h>is» 

t , *t<lfflfSCt ^pf|g^<6 ®. 

[o 0 5 6i Lxmw&^wmt^ 

[0 0 5 7] *iM«liffl7o b>W$(t>*1}- 
XMtmi 1 ©^SCHK^^aiC^U, 7P h>®S 

1 im 1 ^1 (ft t 2 tig m (ft t?[{f 

[0 0 5 8] 81 2J*s *i«(D»t)il«>-^? 
it f fcSSl Oti, «XU-7J<»%;1^ tTffi^T37 

1 4tLTWsznttim w*>. H2+H20} mm 
mmttxs* mm mi) 1 4#mi s%mmm 

ic 70 h ts t ©7a h >{*7 a h >g^§!5 1 
6^6«1 7lC«$g*nT#MP1 Ss\®fr 

o imL<immttm mm mtm.) ^ 9t& 

[0 0 5 9] s i stca^TE*. tmnx mtmn 
mx) ®wm2Qfre>m$nz*wsziz. mm 
mm (mm&m 2i^a^r?i<*;i^tTJjp;it. 
zmm i \MT*&z>*mm mm) 2^wxt%, ® 
/y s mm (mm) :-3u-&-^Tt., 

M*'7s) ©«^2 2A^ttH*.ti3»SXK, ft 
ill (XttSaSS) 2 3 c> T* a 1 1 }JP if 

lzji7,Vcmtitf\ m&Vm.t£ o K7P h 1 
t£»»SgtT%=fcl.\ 5 

[0 0 6 0] 7oh7« 
1 -C7 P h>it?^tOO, #ii2iSA->6«|g^tl-S7 



m 
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ioo6 1 j mmmmmmm7?~~is>mw 
mft¥MMkmt% z tw$s» z®m&, n% 

it, -mcmw.7 5 - u y®®& (7~>-u>mmr 

[0 0 6 3] zeo&ft^mtLT'a. tewmmi** 
M&ma, mn, 2 omrn'mnm^ 2oss% 

~ u > -« r a ©t\ ssia u fc t wmmvr? 
[0 0 6 5] uh„ y^-iyymmwn^m^tm 

a t fc 7 5 - P >R»f*^*&*£E»jSJ^ Kit^ !tS 
&3UE 09UM£I& 3 0 0 p m JJTF) fc LTm^% Z fc 

[0066] mB&ft&ttnt Lttt, hy®e« 
s> -fe-r; m®m*%t mtmmtLts. 

o . 5-1 . ssut.% fc &mT?t&+ mm®mmm 

[0 0 6 83 tfe. <f;y7yfct'2U77^J:W<-tl 

ft«rxaKss6ifcife*wr * t*q t~ its 

to 0 6 9] *y 7/WPx?u>wy 7-Hbtf~y 

TPifitTEnsi, mm^mmm^m^tz 
[0 0 7 0] z® A^j^-mffyjx \-><m 

si, mm® &m®mmm$%m ^ trn * i\ 

[007 1] C07P h^fSWti, ^LfcfcfltlCD 

[0 0 7 2] Sn«fc»2«fc<DWt^ <KU 

P h 7«lf f«M«Mt£lf £ C fc %&§^ 
T> <feeD»*t*±& Lfc**Kfc#r> KXfc ft»;Mi T 



[0 0 7 3] C0taiT/M7%, JtSBLfeWaWb 

^x/ w xfc »fiD^ jj~xkU7a b >m$mm 

m * c fc tf t * * o tfr% 7 o h 75- 
u > m$?Mm fc ffis lti^0 

©ffiT^I-^cfcrjirt, S»§7P h>«tt«-S 

mt^zt&mrem, 

[0 0 7 43 *^C«W8K, 7Ph>» 

[0 0 7 5] SP^, £107Dh7e^#ii, «757 

[0 0 7 6] #|*i.cm*757^~€«l^ 

ss?%7P h^®mfrf^r*fe»ic». « 
£07 p h >«»fs®»«^xi- « j: fc Mf?« y , c 

i$fife6MI U < * # < £ § , ? =7 X * 

ff*T*fc o T %I?S©i^^ < rti* Cfc»3&< (89 

[0 0 7 73 d&tS/f£D7P h>^f*-t>, » 
«iiT't;. 3gJc«*^D^STTfi±2S t fc 7P h>« 

»fc»xt fc^tv7p h yfSStt«n»t^ z t &v 

[0 0 7 8] 8S**5X*-fcfck «™ 

mm s assign L TB 
MztiT^mtmztv&z (tcttu &%mmp 

sgtSfc (iiU *ilf®7ar/i»»li»5 
#88) s H 4 ~g| 7 IG^T fc y ~m *h 7P h ViSS 

[0 0 7 93 ;.t ; -fs 04iCfTti©[t 
,*^#1tS§T^y, CfDJco^it^fi, ?-7Slt 

i®75-u>©»a»T«js«fc tT»*<m6 

SP3^ LTl s % fc, H 6 (.c^t * -5 % > F 
(D 7 :?7^--fc^^ 

[008 03 ^g0»<Dmmfi^^s p 2^wM7 

1*7 U~ U>^r7 r a ~7©^X«~~»W«i«t 
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[00811 tfiK^U 7^-u>^/^ a ~7© 

s p 2mmt, -Bits p 3mmmm^hTi^rc 
o t »~<k >*8*# s a&mmt ? x $ - £$b§ u 

£0 0 8 5 3 Z<D&fk7 5 X* ••••S§MH*f*f'«D* $x /t 
X*-i4««K0**tf 1 0 0 n m«T<0fcSh t < tc 1 

oo a iXT© t><nmj sl<, ?nu.#Af * ids a»® 

[0 0 8 63 *6Sctil2»?5X$-i:tT, HWS 

r, mmmMoxm mmmmm 

nt-><mmmzti%, &tt, 73-^>itit<x± 
musm* z 1 mutt* v , tmic$mic±mx$ 

[0 0 8 73 *n«tcjs^T^v mw^mmy^ 

[0 0 8 83 ±MLtc?a-yim%Mii. 

wrnvo s 03H t+Eyn h > mmm^t &m%y 
a h >®mit.mz& 5 lc&W$XT%Z ttfx$% 

OS 8 MSI omM) . 3"&*>t>, C<D*mu:J:*t, 

w t #<r k 7 p h toc * & $ r- 7 □ 



h**m±ftt!:t>fe oxmmmtzmmt * c t 

[0089] C<D<fc*5 tC7P h >Mffi<D«l§A t fc 
[0 0 9 0] £©f2~-7M«lii»li, >^®<fcd 

[009 13 -r^to-s, /\a?>it*3.~~-mmmx 
m±mm x% « ? a -7ttiiiBW»s 

[0 0 9 2] 3GtC *»Bi#iCj;§«m^J;^<h, Zo 

Lxmrn^titL^^-y^mmmmfm, man*® 

iCioT, BW,\Z7 -f /I/ A« i: t%>Zt ffX $ S , 
[009 33 C©7'f/i/i*{*9 : 2- 7tt^«MMS#«! 
^?[^± # 6*^-3fc v at«<0 A 1 5& icStr 7' 

«: 7 p i-vm&t lxmb**- ywmmmm 
[0 0 9 4] :0fi-7wiiam wmm 

->^ffi*-*>+y?a -7' (C N T) <hP?«'ti-Sfc 

m $*tt>lZ*>nT*l)-*$>*/7r'(/%*- (CN 
F) &4tfijCn«%<t>tf««. *fr»KCNTlC», 
!'/)ri~ 7'^ 6 § 5 v 7 -5 ; /^7 * -iU*— ftV-fJ 9 a. 
~7' iSWCNT) i-, 20lX±©M#&&BS*lKm# 
-3 Tt^T/l/ * ~/U t / 5F (M W C 
NT) €>28»%SnT^S,, Su#©»?Mffil!«i3 

[009 53 z.m®** -ymmmMmmmmmm^ 
iz$$iz7ah>mm<n&%mxLx, 

r * c i &>mx$>%, m b -mmm* 
mmmx lx%zt x ~ ymmmmmmu m 

[0 0 9 6] z<o*x~?mmm®w%wmm 

SH8^ fc^At«»l«*£'eMS-r5^ (OSO 
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a, zmmmm. tct%mm>m®ttam^T® 
mtzt*^ {oso 3 Ni©iA©ft} . tt&. m 

StEj£8Hifi& £ s 3 ^ : & WSb*!?* « s C til*/ \ 
P^bf a. ~7 WSMtfc t X. BSEtf 3.«PtCT 7 

*><t)X {OH8®#A<*>*f§£> , f-i-7 

[0 0 9 83 

Ifi. 

[00993 <#] 1 ©tft U *Btffa 75~L/ >®&&> Z 



J. W.; So led, S. ; Cameron, S., J. Org. ChetH. 1994, 59. 396 
0} £##IC LT2$Z%r>tCo Cjo*%31 S 

izm. mmmmmxe oxjc«isfc#s 3 umim 

f*x~?/P£F-£ hx hU/Wt>2 : 1 ;it*r-2|sliS 
»Lfefc£s 4QTiZTMm%>~£mk$ittc* zz\z* 
£ ©*S*f&£ 6 0m! (T)4# y&Mfrfp iz S 5 X 

Ltmiz, 4 QKumm&MLri* z®x.5izlt%& 

^!C>Tw*nTf>SC60 (OH) 12© I RZ.'Vrbfot 

im-m u ie<M ?»*<K u «ib7 5 

T =fe£> <£ o itm>t Z t #7?* § „ 
Eft 13 



ffi^mtt, £M (Chiang, l. V. :*a»g.l.Y. JSwirczewski. 

(x=5~6) (y=10-'12) 



m> tiiz^ z<nm 7m.it /■■'■■■■i-ymmoomg^ 

IV, «ai 5mm(Dnm^ U y h tttc & & £ -3 ir.~A 
/tm^S^ft, C©#y*SSHb75~U 

6<r\ fmrnzmtixtsv, mmz^uy t-ittzzt 

tfTftft. U >y hl*P^*^ 3 0 OS > 

Jin=&#l1 CD^U'> hit" * e 

[01013 2 £D*e u frmte73- is >®m*mx 

~?/l/T-3JI3. ^«fetf^X^/UX-~5r/Ui:7-b! hxhy 
iKD2 : 1 M&M? 2 ®jkmLtc&, 4 QXlzTftEET 

wtminitc* cm^izLxnsntcm^FT- 1 

«fb7^-~ b>«?i<«xxx/^ tmmx^fc, 
[0 10 2] ±m<?>mit. mmcm (om y ico 

[ft 2 3 



+H 2 S0 4 



C 60 (OSO 3 H) y - 



[0 1 0 33 <*U*Kfc7-5~U>»*§IX7?/P 

m<-\ u -y b®mm> z a>m *«i> 7 u >mm 

zcomm 7 uxmtm 5 h >/ c o tc> *<m 
t>$t<. mmzmtix&v. mmz^uv Htt$z 

t ff^tc, C£D<\U>> hf«^»S 3 0 0 3 £P y 
X\ z ft*m 2 ©^ b>> h iiTS, 

[01 043 <«j3«*yjjc8Wt7^-u>«abk«x 

60/ C 70 7 5 - U Vii$»©tt5fe 2 g ^fiil^K 3 0m 
3S(aj8^L^ tfSnftS»«. 5§Cj§ftW?>L?c 

$;x?j|o:-fW?3B* fi^V^x^/t/x-^/UiiT 
•fe h x h U^O 2 : 1 »#^"£? 2 m» Lfc^, 4 0 X 

©FT - I RH^tfofctce. mBSlMiZTfktnT 

M^f*® ! R7^^ h/Ufc^-StU 

WK7*ft, e:<DS0li, «S?t{#c«jic 
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C'eo+HjSO* — ». C8o(OS0 2 0) x 
CS0 3 j (x=5~6) 

C m $ y 7j«fc7 5 - b V<8I8$ 8 0mg$<t 
Uv SSI 5 rom<*W< U -> h$*lc£* * 7 

SjQtc^U^ MfclM>C<fc #T?*fc, h tip 

frfr m 3 0 0 5 $> o >T\ C*i£0S 3 <D<SUy h 

Jt$U©fc«>, $31831 W ;TS«JPH;li.^ 75- U V 
018* 9 0 m g & t V . mm 6 mmffiPJ^ h« 

\s7.mm Sb>/c m2V&?1t* fCiffv C©« 

*«/ k y #-mti*%-ty& * & ^ fe^fc. e -r\ * 

C A x "!? t fc, C U -7 h teWMM) 3 0 0 ~ 7 □ 7 
10 1 0 7] «fj 1 -4<©^U-y h£D7'P ^fip« 

■W- n-fnco-N U y h 0M««*s <rnic7MH zfr 
6 0. 0 1 Hz*W»»E OHIO. 1 V) £8H)fl 

mm±, mmsmTTBotc* 
loi 0 8] fy£-~*tyxmmmi, ±mm 1 ~ 

u& si 4 (A> izmt£$%mwm 

mnMLZ&V, »&4 S®M«&?&3-;h.S 
7a h >iSI1 1 ^SfeT, * 1 « 2 2 $3 £©$3 

5 {* 7a h ytmwit% t $z>mm® mmi&ot # 

[0 10 9] CCT\ 38®-f>fc~#>*Z«> Z = R 
e (Z) +1 • tm (Z) r«*ru ±S2$«§S&r^ 

[0 110] Sis, 814 (B) yabymmw 
wsmmvy^- 1> y^m^tzm^ i±m>m #) 
(Dmmmmxsv. mm aay^-uym^^ 

[0 1 1 1] B1 5 IE, Ml a s fcO : '^4^^}f«^Uy 

h k oi^xm yt ~vy*m$mm7iit, 

[0 1 1 2] £*UC<fcfttfs «4fc£^Tt& ««-r> 



tic 3 3 

ay. mm, r^s. -*kwmicm%®wk : ¥tm 

7p h >&mzm%. 
[o i 1 33 fcmxm&zfLzti&pmtoxiiMftb 

Aby HcfeDTtt, &jS£*S x 1 0~fiS/ crn^ft 

■y^T it mm% y y $y x®m-Mmm tn.r> ft, 

E0 1 1 43 

[« 1 3 m 1 *«WfcK-3< 7 P h >«SW*^U^ h 
(2 5X) 















9 X 1 0 4 




2X10 





[0 1 1 53 *aMI«iOS05H«tC«* 
&t%%alZ3SV*T<&. Z.0)U$> 75™ U7M^|*©^ 

»sr- 7 p h ve»tfprtt?« * c i € t 

to 1 1 63 ^tt, «i co^uy h*m\ ±xmmM 
y y £-#y7.3m% 1 6 o x &*>~4 o x t wis 

tLTmLtc<D&mi Cfflcfcdte, 16 OX 
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sh-Mtymmmmmm&zz. tm lzv 

oxt & o mbkms^ z%mmmmz&%* 
foil/] <ms o>fs y xmt? ^-isy^isy h© 

U V (Off* 7 0 m g 1 £ y % C tit # U 7 y ft S£~ U x 

Omg fcfcSMrU S^JWWWWS K 
0. 5mlt«JlT*<«»Ufc. £©;I£%««1 

§£*t*ft, 7b7v£f5t\ ®3S1 5mm«KU 

y h f- f mfc&m 3 0 0 £ £ p 77? 

»o ft., C*t£$ 5 U y h 
[01 18] <#j6£D#U*M&7-5— U78«*ltX 

ftX«£##£ U T33 £ & o ft, U #8tffc75 ~u> 

ig*60m i mmmm&m u stater 

5§ft T*^^ t fttt -7x ?-/Ux~ xiV<**( C'> L f OlST 
U *<DftM^Mfoft&Ttt%l U *St<v7x7-/i/.x 
-x/UT? 3 [13, £ «fc t> v x 7- .i-/x •••• t /!/ i >•' -tr h x hU 
>K9 2 : 1 »^?2i38fc»Lfc8L 4 0ttcT»ET 
T$9»l3ri*fc* C<0*3tcLTf*Sftfci8*«DFT I R 

Srtft* 

E0 1 1 9] <*6«MKU5W»fc75-UV«»*IRx 
Xx/^Uy h t08BS> U*«Ht7 5 - UVWSK 
*JHXXxiKDS3fe 7 0 m g £ U , CtXb&V 7 -yfc 
ex U 7-'><D8r*' 1 0 m g t U -7/ f-^t ; 1/ 
75 K0. 5m I «m*T<fc<aB$Lfc s 

m^MXt^tc, *<?M, 7 ®fI1 5 mm 

fl>^ Uy h£f#fc, £ U y h imfr&m 300S7 

p > z& o ft, <r 6 ok uvbttz* 

to 1 2 03 <#l7<D#U*^fc7^-L/>«»*«x 
XfMl/y h 0)» >-aW8&&l8i 7 x; Hfctfft 
ft Z®m&mt7 ; 5~'\s><m>£ 7 0mg££*A C 
tit # U 7 y ffcr.x y r>m% lOrngt «ft U 
*7j< ^jUfc/ 5 K0. 5m I &t$XZ£ < StJf L 

ft, £<Dj&%m*mmi s mmomBQW.fon 

l\ SSI Smm^ivy h£f»fc 0 C«K?U» htifP 
3 0 0 S * a >Zm otz, C *t£#8 7 U y h 

<Dft*6, itie^ji ztmmt Lzm^rcy^-yyff) 

®l£9 0mg§t Ctli^U 7y{fcfc?~ gf^iW 



iaixTJ;<»Lft C©»#ft*fflS1 5mm0 
fto -f<t)it. 7U7s*ffC\ KS1 5mm«AU7h« 

isft, y h imfrtm 3 0 0 S 7 □ V T?« o 

ft. Ctl^«t805^Uy htr§, 
[01 2 21 5 ~8CD^ •,'•>• h<07'a h>®i$0 
5 -8©'-\b y h ®e#^<01f^%±ai Lft<b 
!Si-tSK?7oftfcC5, Si 7 tC^T< y 

[01 2 3] CtUC<fc*l«, ffi!8k:3S^TW:> 
t~$f V D & * * / 1 5" * - *IS 

t [1* T?« V , 75 - U 7 &fr®mm*iZ "0V<Z 

ttumm- (K¥, <t*y%& (mmmit-wm 
ttiKfr-otc. *tucik<zm s (DM-&C a, mmm* 
mmm^zitmsti\ mK*tu,->itm-~®mm 

m&%zt&z$%» Ztiit, -^Uy btomtt&^Z 

%h>Bti>mnm<mmmm& lz^zc tm 
lti^ s ^ a sc. ««ii«c^m <<y\L~~ 
>/yximmmv<mmz±Mti%mthz>-. ctat, 
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